ABSTRACT: Over a 5-yr period, spring-calving cows were used in a carry-over design experiment to evaluate effects of calf age at weaning on cow and calf performance and production economics. Weaning management groups were early (n = 60, calf age 150 d, EW), traditional (n = 60, calf age 210 d, NW), and late (n = 60, calf age 270 d, LW). Cow body condition score (BCS) and weights at the last weaning date were different (P < .05) for EW (5.8, 583 kg), NW (5.5, 560 kg), and LW (5.2, 541 kg) management groups. Pregnancy rates among groups were similar. Days on feed for groups differed (P = .001) and was 247 for EW, 204 for NW, and 164 d for LW steers. Average daily gain in the feedlot differed (P = .01) among groups and averaged 1.5 kg for LW, 1.4 kg for NW, and 1.3 kg for EW steers. Dry matter intake while steers were in the feedlot was greater (P = .001) for LW than for NW and EW calves. Hot carcass weight was greater (P = .01) for EW (328 kg) and NW (332 kg) calves than for LW (321 kg) steers, and fat depth was greater (P = .05) for EW and NW steers than for LW steers. When carcass data for the
Introduction
Shifting calving and(or) weaning dates can result in improved herd performance (Lusby et al., 1981; Adams et al., 1994; Whittier, 1995) . An increase in profit potential may be realized by greater herd reproductive performance and possibly through alternative calf marketing options when either the calving or weaning date is changed (Lusby et al., 1981; Whittier, 1995; Meyers et al., 1999b) . Early weaning of calves has resulted in 1403 NW and LW steers were adjusted to the fat depth of EW steers, carcass characteristics among groups were similar. Net income per steer at slaughter for the feedlot phase was greater (P < .001) for the EW ($75.36) and NW ($62.16 ) steers than for the LW ($10.09) steers. Again, when carcass data for the NW and LW steers were adjusted to the same fat depth of the EW steers, net income differences among groups were reduced. Replacement heifers were developed in a drylot and costs were higher (P < .001) for the EW than for NW and LW heifers. Annual cow costs were greater (P < .10) for the LW ($443.45) than for the EW ($410.09) and NW ($421.35) groups. Break-even for each system on a steer financial basis was not different between the NW and LW groups, and both the NW and LW groups had lower (P = .08) break-evens than the EW group. Age of the calf at weaning affects cow weight and BCS. Net income in each system is influenced by cow costs, month of the year that steer calves are purchased into the feedlot and finished steers are sold, month of the year cull cows are marketed, and replacement heifer development costs.
heavier calves at the time that normal weaning would have occurred and in younger, heavier calves at slaughter (Peterson et al., 1987; Makarechian et al., 1988) .
Research reported in the literature has evaluated cow and calf performance when weaning occurred when calves were less than 150 d of age (Peterson et al., 1987; Gill et al., 1993; . Economic modeling of the cow/calf enterprise (Spreen and Laughlin, 1986) indicated that weaning calves at 6 mo of age resulted in the greatest present value for gross income. There are limited published data that evaluate the production characteristics of the cow and calf if weaning occurs when the calf is 150 d of age or greater and the production economics of these weaning systems if steer calves are retained through slaughter.
The objectives of this experiment were to evaluate the effects of weaning calves at 150, 210, or 270 d of age on subsequent cow and calf performance and factors that influence net income when steer calves are retained and finished.
Materials and Methods
This experiment was conducted at the University of Nebraska's Dalbey-Halleck Farm located in southeast Nebraska. In yr 1 of this 5-yr experiment, 180 MARC II (1/4 Angus, 1/4 Hereford, 1/4 Simmental, 1/4 Gelbvieh) spring-calving cows were assigned to one of three weaning management groups based on weight, body condition, age, and date of calving. Cows remained in their assigned groups unless they were culled from the herd for reproductive failure. Each year, replacement heifers were selected from within the same management group in which they were born.
The 1st yr, one of the following three weaning times was randomly applied to each management group: August weaning (EW; calf age 150 d; n = 60), October weaning (NW; calf age 210 d; n = 60), or December weaning (LW; calf age 270 d; n = 60). After the 1st yr, management groups were assigned a weaning time so that during the 5-yr period all groups were subjected to all weaning times in a specific order. In the predetermined sequence that the weaning times were assigned to groups, there was one time in the 5 yr that calves in a management group were weaned at the same time calves were weaned the previous year. The carry-over design, as applied in this experiment, allowed for replication of treatments in time (i.e., years). The assignment of management groups to weaning times mirrored a Latin square with two additional years.
During the spring and summer, all cows were managed as a single group and grazed cool-(Bromus inermis) and warm-season (Andropogen gerardii, A. scoparius, Scroghastrum nutans) grass pastures. As calves were weaned, cows in the weaned groups were managed in separate, but similar, pastures. The amount of hay, supplement, and inputs specifically associated with each weaning management group were recorded. All groups were fed to attain a minimum body condition score of 5 (1 = emaciated, 9 = obese; Wagner et al., 1989) by February 1, approximately 1 mo before calving.
Cows
Each year during the breeding season, all cows were managed in the same pasture and exposed to Angus bulls for a 65-d breeding season beginning approximately May 22 and ending July 25 each year. Bull:cow ratio was 1:25. On each weaning date and 1 mo before the start of the calving season, all cows were weighed and scored for body condition. Pregnancy rate for each group was calculated yearly. Pregnancy for each cow was determined retrospectively after the cow gave birth to either a live or dead calf, including abortions. Replacement rates included nonpregnant cows, cows that aborted, and cows that lost their calves at calving and before weaning.
Production costs associated with each weaning management group were documented for economic analysis. Amounts of hay, grain, protein supplement, and salt and mineral fed were logged and expensed to each group. Ten-year average prices for hay and grain were used to calculate feed costs (Wellman, 1998) . Labor and machine operating costs associated with the feeding of these feedstuffs was estimated to be $.011/kg of feed fed.
Grazing costs were based on the opportunity value of an animal unit month (AUM) in southeastern Nebraska (Johnson and Miller, 1997) . During the winter months when cows grazed dormant range, the value of an AUM was estimated to be approximately one-half of the summer value. Based on average cow weight, a suckling dam was estimated at 1.3 AU. After weaning the dam was estimated at 1.2 AU. Grazing costs were calculated based on cow lactational status and AUM value. The summer and fall grazing period was 6 mo and the winter grazing period was 3 mo. The other 3 mo, depending on the weaning management group and the average body condition of the group, cows were fed hay, alfalfa, or grain and(or) grazed dormant winter range, and expenses were calculated accordingly.
Cow cost included credit for cull cows and heifers, purchase-in price of replacement heifers, and replacement heifer development costs. These calculations were based on two percentages: actual retainment rate, defined as the number of heifers retained for selection from within each weaning management group divided by the number of cows in that group, and actual replacement rate, defined as the number of heifers selected as replacements from the retained group divided by the number of cows in that group. Cull cow credits were based on cull slaughter cow market value at the time of weaning, and cull heifer credits were based on heifer market value in February. Revenue received due to the selling of cull animals was allocated to each weaning management group on a per-cow basis. Cull cow revenue allocation was based on the group replacement rate, less an assumed death loss (1.5%), multiplied by the average weight of the cull cows, multiplied by the market value on a per unit of weight basis of the cull cows.
Revenue received from cull heifers was also allocated on a per-cow basis. Cull heifer revenue allocation was based on group retainment rate, less group replacement rate, less an assumed death loss (.3%), multiplied by average weight on February 1 of cull heifers, multiplied by the market value on a per unit of weight basis of the cull heifers in February. Both purchase-in price of replacement heifers and replacement heifer development costs were allocated based on the group retainment rate and allowed for the distribution of these expenses on a per-cow basis.
Steers
At each weaning, steer calves were transported to the University of Nebraska feedlot at Mead, NE. At the feedlot, steer calves within each weaning management group were stratified by weaning weight and then randomly allotted to one of two pens so that the average weights of the two pens were similar. Steers were fed a 50% concentrate receiving ration (TDN 69%, CP 13%) for the first 28 d. Thereafter, rations were changed every 7 d until steers were consuming a 90% concentrate finishing ration (TDN 81%, CP 13%), which was fed until slaughter. Steers were fed to an end point of 1 cm backfat thickness, which was estimated visually by experienced feedlot personnel.
Steers were weighed at weaning and at the end of the feedlot receiving period (28 d after weaning). Steer days on feed (DOF), pen dry matter intake (DMI), and the following carcass traits were recorded: hot carcass weight (HCW), fat depth (FD) between the 12th and 13th rib, quality grade (QG), and yield grade (YG). Final live weight was estimated by dividing HCW by a 63% yield.
An economic analysis of feedlot performance was conducted yearly. The economic analysis evaluated performance each year based on market prices, weaning and finishing weight, receiving and finishing DMI, DOF, and USDA quality and yield grade.
Live weight market prices used to value weaned and finished steers were 10-yr averages (Wellman, 1998) for the specific time periods in which the calves were weaned and marketed, and for specific weight ranges appropriate for each management group. Ten-year average prices for feedstuffs (Wellman, 1998) were used in ration costing. Ration costs were separated into receiving (28 d) and finishing (DOF − 28 d) ration costs. Total feed cost for each period was based on DMI, DOF, and ration cost per kilogram.
Carcasses were discounted when they were graded less than USDA Choice and(or) yield grade 4. Carcass price discounts were based on 10-yr average discounts for carcasses grading less than Choice and(or) yield grade 4 marketed during the same month as the management groups (Cattle-FAX, 1998) . Gross income per steer, feed, yardage, processing, trucking, interest expense, and net income per steer were calculated.
Because NW and LW steers were slaughtered at a lower backfat depth than EW steers, feedlot performance, carcass, and financial data for the NW and LW groups were adjusted to the same final fat depth as that of the EW group. Equations used to adjust the carcass parameters were developed by Gwartney et al. (1996) . These equations were used because in both data sets the same cow herd produced the calves and the steer calves were fed at the same feedlot. Using these equations, days on feed and DMI needed for the NW and LW steers to achieve the same fat depth as the EW steers were determined, allowing us to calculate the financial impact of feeding all groups in the system to the same end point. Using the adjusted carcass parameters and the adjusted feedlot financial calculations as adjusted net income, net revenue or loss per cow and break-even on a steer financial basis were calculated.
Replacement Heifers
After weaning, heifer calves were placed in a drylot at the Dalbey-Halleck Farm, Virginia, NE and were fed a corn, hay, and protein supplement ration (TDN 65%, CP 12%) formulated to provide approximately .59 kg ADG. Replacements were selected each year based on weaning weight (mean weight ± .5 standard deviation) and structural soundness. Replacements remained in the drylot and were fed the ration until they were turned out to pasture on approximately May 1 each year. Heifers not retained as replacements were sold for market price at weaning.
All heifers retained as possible replacements were weighed on each weaning date, before their first breeding season, and before calving. All replacement heifers were managed together during the spring, summer, fall, and winter prior to the calving season. Replacement heifers were exposed to Angus bulls for a 45-d breeding season beginning approximately May 22 and ending July 5 each year. Bull:heifer ratio was 1:15. Feed and labor costs associated with replacement heifer development were documented and used in the economic analysis. Ten-year average market prices for the feedstuffs were used to price the ration (Wellman, 1998) . Labor and machine operating costs associated with feeding the heifers were charged at $.011/kg of feed fed.
Heifer value was based on the 10-yr average market price for the month in which they would have been sold and their average individual weight at that time (Wellman, 1998) . Replacement heifers were valued at market price plus an assumed $100.00 per heifer premium.
Grazing costs were based on the average cost of an AUM in southeastern Nebraska (Johnson and Miller, 1997) . The AUM values during the winter months of dormant range were estimated to be one-half of the summer AUM values. We assumed that replacement heifers were equivalent to .8 AU during summer and fall. The summer and fall grazing period was 6 mo and the winter grazing period was 3 mo. During the other 3 mo, replacement heifers were fed hay, alfalfa or supplement, and some grain, and expenses were calculated accordingly.
System Evaluation
Net revenue or loss per cow for each weaning management system was evaluated based on the cost/return data from the cow, heifer, and steer-feedlot enterprises. Income was generated by sale of finished steers, cull cows, and cull heifers. Heifer replacements were brought into the cowherd in February and valued at that time. The assigned calf value for each weaning management system was based on the average weaning weight and value of steers and heifers within the particular system and the actual replacement rate that occurred in each system. Net returns for the systems are returns to overhead, capital, management, labor, and risk. Labor was estimated for feeding livestock and was included at a charge of $.011/kg of feed fed, which also included machine operating costs. Labor for checking cattle while they were grazing was assumed to be covered by the AUM grazing cost, whereas feedlot labor was considered part of the yardage charge. Calving and overhead labor were not estimated. An adjusted net revenue or loss on a per-cow basis for each system was calculated in the same manner using the adjusted carcass parameters, feedlot performance, and feedlot financial information as described previously.
Break-evens
Break-even for the weaned calf was calculated in the following manner. The numerator was the cow cost to produce the weaned calf, and the denominator was the average steer calf weight at weaning plus the average heifer calf weight at weaning, divided by 2. The quotient from the denominator was multiplied by the percentage of calves weaned of females exposed during the breeding season to produce that calf crop. The break-even for the finished steer on an economic basis was calculated by adding the total costs of the finished steer plus the steer calf valued at weaning at the opportunity cost, and the sum was divided by estimated final weight (hot carcass weight/.63). The opportunity cost for the steer calf at weaning was determined by multiplying the average weaning weight by the 10-yr average market price for the month in which they were weaned (Wellman, 1998) . Break-even for the finished steer on a financial basis was calculated by adding the total costs of the finished steer plus the calf valued at its production costs (cow costs to produce the weaned calf), and the sum was divided by the estimated final weight. Break-evens were also calculated when the NW and LW steers were adjusted to the same fat depth as the EW steers. The same calculations described here but using the adjusted carcass parameters, feedlot performance, and feedlot financial information were used to calculate the adjusted break-evens for each weaning management system.
Statistical Analysis
All data were analyzed using the Proc GLM procedure of SAS (1989) . This study was conducted over 5 yr and designed as a carry-over experiment that allowed for the analysis of any carry-over effect due to the previous year's weaning management assignment. Cows were fed so groups would achieve a minimum body condition score of 5 by approximately 1 mo before calving. Achieving a minimum body condition each year for all groups allowed for implementation of the carryover design. All performance, reproductive, and economic data were analyzed using treatment groups as experimental units. Each year, carry-over effect was analyzed for all variables.
Results
Analysis of the data indicated no carry-over effect (P > .10) for any of the variables measured. This indicates no long-term, subsequent effect on cow and calf performance due to the weaning time previously imposed.
Body weights and body condition scores were not different (P > .10) on the August weaning date for the EW, NW, and LW management groups (Table 1) . At the October weaning date (weaning for NW group), cow weight and body condition score was greater (P = .10) for the EW cows than for cows in both the NW and LW groups, which were similar in weight and body condition score. Body weight and body condition score for the EW, NW, and LW groups were different (P = .001) in December. Condition score in February (1 mo before calving) was greater (P = .001) for EW (5.6 ± .1) cows than for NW (5.4 ± .1) and LW (5.2 ± .1) cows.
The EW cows gained weight between August and October, whereas NW and LW cows lost weight. Between October and December the NW (28 ± 6 kg) cows gained more (P = .10) weight than the LW (9 ± 6 kg) cows, and weight gain for the EW (22 ± 6 kg) cows was between that of the NW and LW cows. Weight gain between August and February was different (P = .05) among management groups and was greatest for cows that had their calves weaned at 150 d of age and least for cows that had their calves weaned at 270 d of age.
Body condition score change between August and October for the EW (.12 ± .08) cows was greater (P = .10) than for the NW (−.16 ± .08) or LW (−.23 ± .08) cows. Change in body condition score between October and December was greater (P = .10) for both the EW and NW cows than for the LW cows. Overall body condition score change between August and February was greater (P = .01) for the EW (.15 ± .04) than for the LW (−.23 Scale of 1 to 9 (1 = emaciated, 9 = obese).
Numbers within a row with differing superscripts differ (P = .10).
d,e,f
Numbers within a row with differing superscripts differ (P = .05).
g,h,i
Numbers within a row with differing superscripts differ (P = .001). Cow and heifer cull credits were calculated using actual retainment and replacement rates, cull cow and heifer market values, an assumed death loss of cows to be 1.5% and heifers to be .3%. Purchase-in price of replacement heifers was assumed to be market value of heifer + $100.00. Actual retainment rate was also used in this calculation. Heifer feed and grazing costs were calculated and allocated to cow costs using retainment rate.
Numbers within a row with differing superscripts differ (P < .10).
± .04) cows, and body condition score change for NW (.05 ± .04) was intermediate to that of the EW and LW cows.
Pregnancy rate was not different among groups and averaged 92.5% for the EW, NW, and LW groups. Replacement rate (P = .12) was 11 ± .5 for EW, 8 ± .5 for NW, and 6 ± .5% for LW groups.
Yearly cow cost not including interest and depreciation expense on livestock, feed, and equipment was greater (P < .10) for the LW group than for the EW and NW groups (Table 2) . Actual yearly heifer retainment and replacement rate were used in the calculation. Over the 5 yr, heifer retainment rate averaged 21% for all groups. Feed costs were $37.44 less for the EW than for the LW group. Over 70% of the difference in total feed costs between the EW and LW groups was due to differences in harvested forage costs. Heifer development costs on a per-cow basis were $18.23 greater for the EW than for the LW group.
At the August weaning date, there were no differences in weight for the EW, NW, and LW steers (Table  3) . When the NW steer calves were weaned, EW steers were heavier (P = .001) than either the NW or LW steers. Weights of NW and LW steers were similar at the October weaning date. On the December weaning date, weights among groups were different (P = .001).
Steer ADG between the August and October weaning dates was greater (P = .001) for EW steers than for NW and LW steers (Table 3) . Average daily gain from August to October was similar for NW and LW steers. Between the October and December weaning dates, ADG for EW and NW groups were similar. The overall ADG among groups between the August and December weaning dates were different (P = .001) for the EW, NW, and LW groups.
Days on feed for steers in the feedlot were different (P = .001) among all management groups (Table 4) . Twenty-eight days after weaning, steer weight among Numbers within a row with differing superscripts differ (P = .05).
Numbers within a row with differing superscripts differ (P = .001). Numbers within a row with differing superscripts differ (P = .10).
Numbers within a row with differing superscripts differ (P = .01).
Numbers within a row with differing superscripts differ (P = .001).
q Numbers in parentheses are the numbers for that parameter when NW and LW groups were adjusted to the same fat depth of the EW group. groups was greatest (P = .001) for LW steers, lowest for EW steers, and intermediate for NW steers. Average daily gain during the first 28 d after weaning was greater (P = .05) for the LW steers than for the EW and NW steers. Finishing period and overall feedlot phase ADG was different (P = .10) among groups. Feedlot DMI during the receiving period (first 28 d after weaning), finishing period, and overall feedlot phase was different (P = .001) among groups. Estimated final weight was similar for the EW and NW steers ( Table 4 ), but that of the LW steers differed (P < .05).
Hot carcass weight for the LW steers was less (P = .01) than that for the EW and NW steers (Table 4) , but HCW was similar for the EW and NW steers. Fat depth between the 12th and 13th ribs for the EW and NW steers was greater (P = .05) than the fat depth for LW steers. Yield grade was different (P = .10) among groups. A greater (P = .05) percentage of EW steer carcasses than of NW and LW steer carcasses graded USDA Choice or better.
When feedlot performance and carcass characteristics for the NW and LW steers were adjusted to the same fat depth as that of the EW steers, DOF and carcass weight increased (Table 4 , numbers in parentheses) for the NW and LW steers. In addition, quality grade, yield grade, and percentage USDA Choice also increased for the NW and LW steers.
Feedlot phase net income per steer was calculated using the feed and performance parameters measured and is summarized in Table 5 . Feedlot phase net income per steer was lower (P < .001) for the LW steers than for the EW and NW steers. Purchase-in costs were less for EW steers, but finishing ration costs were lower for NW and LW steers. After carcass traits for the NW and LW steers were adjusted to the same fat depth of the EW steers, differences in net income per steer among management groups narrowed when the adjusted numbers were used in the calculations (Table 5) .
Weights were similar for replacement heifers at the time of early weaning (Table 6 ). At the October weaning date both the NW and LW groups were heavier (P = .05) than the EW group. Weights in December and before breeding were similar among all groups. Replacement heifer ADG between the August and October weaning dates was less (P = .001) for the EW group than for the NW and LW groups (Table 6 ). Average daily gain was similar for all groups between August and December and between August and pre-breeding. Heifer development costs were different (P < .001) among groups (Table 7). Feed costs were $81.68 greater for EW than for LW heifers.
System Analysis
System economic analysis evaluated calf value at weaning, yearly cow costs per cow, and realized net revenue or loss from the marketing of a finished steer (Table 8 ). The system analysis indicated that a management system of NW ($1.44 ± 4.26) generated the greatest (P < .001) net revenue per cow and the EW (−$51.29 ± 4.26) weaning management systems generated the least. Net revenue per cow for the NW group was not different for the LW group. A similar pattern was observed when net revenue or loss per cow was calculated using the adjusted feedlot and carcass variables.
Break-evens
Break-evens for the weaned calf, finished steer on an economic basis, and finished steer on a financial basis are summarized in Table 9 . Break-even for the weaned calf was greater (P = .001) for the EW group than for the NW and LW groups. Break-evens for the finished steer on an economic basis were different (P = .05) among groups and were greatest for LW steers, lowest for NW steers, and intermediate for EW steers. Breakeven for the steer on a financial basis was greater (P = .08) for the EW steers than for the NW and LW steers, and the break-evens between NW and LW steers were not different.
Discussion
Early weaning resulted in cows that were heavier and had greater body condition at the time of normal weaning, late weaning, and prior to calving. Because the nutrient requirements for lactation of EW cows had been removed, EW cows could partition consumed nu- Retained heifers is equal to the total number of heifers retained from the general population of each group from which replacement heifers were selected. Numbers within a row with differing superscripts differ (P = .10).
trients to gain weight and increase body condition beginning in August, compared to October and December for the NW and LW management groups. Normalweaned cows improved in body condition after their calves were weaned. Late-weaned cows experienced no change in body condition between October and December; however, the LW cows were being supplemented to meet their nutrient needs during this time. These Numbers within a row with differing superscripts differ (P < .001).
results agree with other research that concluded cow body condition score increased as calf weaning age decreased (Myers et al., 1999b) . In addition, Grimes and Turner (1991) and Neville and McCormick (1981) reported that cows whose calves were weaned early were heavier in weight and had greater body condition than cows whose calves were weaned 110 or 163 d later. The present study supports the hypothesis that age of the calf at weaning influences subsequent cow weight gain and body condition.
Prepartum body condition score is an important indicator of future reproductive performance (Richards et al., 1986) . Because groups were managed to achieve a minimum condition score of 5 before calving, cow pregnancy rate was not affected by time of weaning in our study. In studies in which this was not inherent in the experimental design, early weaning improved body condition at calving and subsequent reproductive performance by reducing the postpartum interval and improving conception rate (Laster et al., 1973; Bellows et al., 1974; Meyers et al., 1999b) . Early weaning can also reduce calving interval (Barnes et al., 1996) .
Between the time of early weaning and normal weaning, EW steers gained more weight than either the NW or LW steers and weighed more at the time of normal weaning. Weight differences of steers among groups was due to the nutrient content of the diet being consumed between the August and October weaning dates. The EW steers were in the feedlot and were fed a complete ration, whereas the NW and LW steers were with their dams on pasture and consuming a diet that consisted of milk from the dam and pasture that was decreasing in nutrient quality. The complete ration fed to the EW steers supported a higher daily gain.
Steer feedlot performance was affected by age of calf at weaning. A lower DMI for EW calves agrees with other research (Schoonmaker et al., 1998) . Earlyweaned calves spent more days on feed, which supports research reported by Schoonmaker et al. (1998) and Myers et al. (1999a,b) . The effect of weaning age on quality grade in other research concluded that more steers that were early-weaned than normal-weaned graded USDA Choice (Fluharty et al., 1997; Meyers et al., 1999a) . Conversely, some research indicates no effect of age at weaning on carcass fat depth, quality grade, hot carcass weight, or percentage grading USDA Choice or higher (Schoonmaker et al., 1998) . Carcass characteristics can be affected by the number of days calves spend on feed in the feedlot. In the present study, as a result of more days on feed, EW steers had heavier carcasses, greater fat depth between the 12th and 13th ribs, a greater degree of marbling, and a greater percentage USDA Choice or better than the other groups. However, when carcass characteristics of NW and LW steers were adjusted to the fat depth of the EW steers, days on feed for the NW and LW groups increased and carcass characteristics were similar among all groups.
Heifer calf performance between the dates of early weaning and normal weaning did not mimic that of Net revenue = sale revenue from steer minus feedlot cost; this revenue was adjusted to a per exposed cow basis. The adjustment for per cow exposed was calculated by dividing the percentage calves weaned of cows exposed by 2 (¹⁄₂ calf crop being steers).
Numbers within a row with differing superscripts differ (P < .001).
e Numbers in parentheses are the net revenue or loss per cow when steers are adjusted to the same fat depth of the EW group. the steer calves. Although the heifers were placed in a drylot on site before weaning and fed a ration formulated to provide .69 kg/d of gain, their performance did not reflect an efficient conversion of feed to gain. Previous research has documented similar results in which early-weaned heifers gained less than heifers weaned at a later date (Richardson et al., 1978; Basarab et al., 1986) . However, this is in contradiction to research conducted by Makarechian et al. (1988) , in which early weaning of heifer calves had no effect on subsequent ADG or BW compared to that of heifers weaned at the normal time. Nutrient requirements for beef heifers weighing less than 180 kg are not well documented in the literature. Therefore, it is possible, in the present experiment, that the ration fed was not balanced appropriately to support the projected ADG in regard to energy, degradable and undegradable protein, vitamins, or minerals. In spring-calving cows, milk production of the dam decreases by September, and those heifers that Finished steer-financial cost = [(Total costs for finished steer plus the feeder calf valued at its production cost)/estimated final weight] × 100. The feeder calf valued at its production cost is the cow costs to produce the weaned calf.
f,g,h Numbers within a row with differing superscripts differ (P = .05).
Numbers within a row with differing superscripts differ (P = .08).
k Number in parentheses is the break-even for the finished steer on a financial basis if the NW and LW steers were fed to the fat depth of the EW steers. remained with their dams may have been affected by this decrease. The nutrient content, especially protein content and the rumen degraded and undegraded protein characteristics, of the milk is an important component of the calf's diet. It has been reported in other research that it is the quality, not the quantity, of the milk during late lactation in beef cows that allows for the calf to gain weight while grazing warm-season grass pastures that are decreasing in nutrient quality (Jenkins-Hollingsworth et al., 1995) . In our study, performance improved as the EW heifers became older, indicating that the ration was meeting their nutrient needs for the ADG projected. Heifer prebreeding weight and reproductive performance were not different among groups.
In the present study, yearly cow cost was less for the EW group than for the NW and LW groups. This was primarily due to differences in annual cow feed costs. Cow costs were also influenced by replacement heifer cost. In our study, the purchase-in cost of the replacement heifer was greater than the sum of the cull cow and heifer credits for all groups. Replacement rate was lower for LW than for NW and EW groups, but percentage differences among groups were small. Retained heifers not kept as replacements were marketed at the same time of the year (February) with only small differences in weight. A major difference in cull credits among groups occurs when cull cows are sold. The 10-yr price for cull cows marketed in August is greater than the price received in October, which is greater than the price received for cull cows in December. Also, market price per hundred weight of the heifer calf is lower in December, these heifers weigh more than heifers weaned in August or October, and more total money is spent buying LW replacements into the herd. On a percow basis, it costs more to develop an EW replacement heifer than a LW heifer.
Net income in the feedlot phase favored the EW and NW steers over the LW steers. The economic ranking for the feedlot phase did not change when the feedlot performance and carcass characteristics of the NW and LW steers were adjusted to the same fat depth as the EW group at slaughter, although differences among groups narrowed. Whether the feedlot performance and carcass data for the NW and LW management groups was adjusted or unadjusted for fat depth differences, economic factors that affected this outcome were primarily driven by the cost of buying the steer calves into the feedlot, gross income from finished steer, and carcass discounts. Both gross income from a finished steer and calf cost when purchased into the feedyard are functions of the month of year steers are purchased and sold and beginning and finished weight of the steer. As an example, EW steers at weaning were lighter and, on a per unit of weight basis, were priced higher than the NW and LW steers; however, because EW steers weighed less at weaning, this resulted in a lower purchase-in cost to the feedlot. At slaughter, EW and NW steers were heavier and, because of the month of the year they were sold as finished steers, had lower carcass discounts than LW steers. As a result, gross income for EW and NW steers was greater than for LW steers. Even though LW steers spent fewer days in the feedlot, their savings in this area was partially offset by their greater DMI during the receiving and feedlot phase.
Heifer development costs were greater for the EW heifers than for the NW and LW heifers. These differences are due to the EW heifers being fed in a drylot for a longer period of time, which resulted in higher feed costs. Hay, grain, and supplement costs account for approximately 62% of the development costs for EW heifers.
Evaluated as an entire system in which ownership of steer calves was retained through the feedlot and replacement heifers were retained at weaning, normal weaning resulted in the greatest net revenue per cow compared to early and late weaning. This conflicts with research by Knabel et al. (1989) that indicated a return of $112.10 more per early-weaned cow/calf pair than for normal-weaned cow/calf pairs. This also contradicts an economic modeling study by Spreen and Laughlin (1986) that indicated that early weaning would result in a greater present value of annual herd gross income when projected over 40 yr, and a modeling study by Allender et al. (1986) that concluded that a calf weaning age of approximately 240 d would generate the greatest receipts. These differences may have occurred due to market price used in the analysis. Differences can be generated if market prices used are the ones that occurred during the year the research was conducted or if a 10-yr average price is used in the analysis. Also, previous research evaluated weaning management systems up to the time the calf is weaned and did not include an analysis when steer calves were retained and finished.
If calves were sold at weaning in the present study, profit potential would be greatest for the LW group, followed by the NW and the EW groups. Our study suggests that the majority of the cow costs are incurred by the time the calf is 150 d of age. The early-weaned calf does not weigh as much at weaning as the NW and LW calf, and even though price per unit of weight is greater for the lighter-weight calf, there is not enough total money generated to offset the cow costs. This implies that the early-weaned calf should be retained after weaning to increase profit potential for this management system.
The early-weaned steer generated the most revenue in the feedlot phase, but, as a system, it still was not sufficient to offset the loss of revenue that occurred at weaning. As a management system, the profit potential for the LW system is influenced by cow costs, primarily feed costs and the price received for the finished steer. The LW system ranks ahead of the EW system in our study, even though the LW steer calves weighed less at slaughter and had greater market discounts at the time of the year they were sold. This suggests that the amount of time a steer is in the feedlot influences the profit potential of the system. When net revenue or loss is calculated using the numbers generated when carcass and feedlot parameters for the NW and LW steers are adjusted to the same fat depth as the EW steers, the NW and LW systems generate more revenue than the EW system. A similar outcome is observed when break-evens for the finished steer are calculated on a financial basis.
Age of the calf at weaning results in shifting costs from one enterprise in the operation to another. For example, weaning calves at 150 d of age shifts costs from the cow herd to the heifer development and feedlot enterprises. Profit potential of each weaning system is affected by feed costs, but it is also influenced by the time when cull cows are marketed, heifer development costs, and time of year when steer calves are purchased into the feedlot and when finished steers are sold.
Implications
Age of the calf at weaning influences cow weight and body condition. When weaning age is the management tool chosen, producers need to understand how shifting costs from one livestock enterprise to another influences the economics of the operation and a livestock marketing plan needs to be developed.
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